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MJ»2d, p||ii2c : f 2©iH2ai:t5m d©«fiRTttJlj*L 

[0 0 5 1] 

^Mi&Sr^-tSifcH^tC, Hi ©iiS^I^SCnf^llt^^lAj; 
»*, Hi (B»M#nM***&&'£*fc.v^ fcj^f,, JSttSWlcfe^S pMS# 
ra«te^-?4ete#[RLk-r«.. 5£fc, H i ©MfJfCHSCWtc nl^i^^i & 
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[0 0 5 2] 

{Ejt3ft£ 0 ^<Z>B#, ll2©|^MS*UJia±/« : *L<l±miO[?MS5:l^< 
[0 0 5 3] 

<m2<Dmmmm> 

x , RRtMB x *^BrrSBpMM ; fb#l^^Jl{CfHl^oTiS[x.T i#@ (i = l 
, 2, 3, • • • L) ®RtiI.S:|«SlB £L£B#IC, i = 1 £. i = n ( 
1 '< n < L). n^illBj^niM^lU i = L ©PSMJgB p K 

tt, < i: % p I^Fit $: f 1 5 i i: T'^ 'J , 3E&c#f£ b < .it nl^Mi^^ 
S&spW*^r-V V 7&A£ nflg^-r-So i = 1 jb*& i = n *-Z?<Z)R£JI B .. 



ffi|E£# 2001-3059 280 
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5:K-^IT%, if^T*^^ #fc, tttifc-em* (HWLD, LED 
[0 0 5 4] 

3^T\ m2(DmMMMlZ&W2> n&, ^ft < i: =b^#^ 0 < n < L 
It^T'l.fJ,J : iL<ttn m <n<L ) n ffl =L/2 (fib, n B tt/JMRj& 

&mm*#j3mm.<Dm&iz.mmizm< 0 02, 3&c£^t, ksm 

2 a, 2 b £|«JgB . illT nI»$: K-^U RtMM 2 c (02) 
<ttHtl2d (03) feBSJff B L tbTpS^»5: K-^L, iffB i 

[0 0 5 5] 

^2©^JI6^J!8JCfeV>T, WMJf.B L ©If^iilB i (i*L) © 
KJfCJ:»;fc*£v^i:t?, _tML£<fce>{c, #*<Z)^ U 7£^LT#;RJg^C 
&Ai-££^M#&£^m;f7<Z)f!f^^c£v^T, pM®KUft%aa< (p.Sf^&O^ 

[0 0 5 6] 

<ms(DmmMm> 

mfamiz&^&miz-mmtsftf^mz&nmmmMt. &m-t&t.&iz, m<z>p 



2 5 
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mt-tz* z.(DMf8,iz. Mfawiziz. m3 iz^^oiz, ft'&mtfmbtt-wom 
i®p«ni2 a, m2(Dnmmmm2 aizmtnx. mmm2 b 

mm^m-f^n^^tx. ±m\^tz^oiz, pii^^oiWdi^^ijTca 

A£nTtg£U £. fcftrtkMftXM^j n$H<£*M£. IT, H 2 © n^MM^fgtf £ 
ft£L<\<Z, MS iZ^k-t^oiZ^ & 1 © P fltf»MJg 2 d , £2<Z>nffll¥gJg 

?SffiM^pMjg, n§5jg#^M£*u j:ym#fc*vy7©$£A#2£K3*is. 

i©^ *l®p«»II, &2©nffl|««fc&a-ft&0«Ji, MZ-lim3iZ 
fci«lil-2b, 2c, tbtit ^K^ftSfcCB'TfttfcV^ ±llt 

[0 0 5 7] 

BrffBUl ©pMMM©M^^tfffB||2(Z).n{l^JS©Mjp:hS«|SfD 

K&^xttm&ffqSL. rocitfcj: y, L£v^«^©<£T> 3Sc5£ L fealty 

[0 0 5 8] 

#^*£©iaJC& 3 ©KSJ5 buIBH3 ©MJg©BI^#\ f&fS 

Hi ©p<Riwajiatjsi&gaii2oniwiisM©jR^j: y ^/Jns^^^t?, stem 



2 6 



fttSE#2 001-30592 8 0 



#2001—17 4903 



mm. hi tovwrnstmit* tti^tmmm. p^w^^-vu rtf>&An£ 
zzttf aim vf, u^v^mseaf^ffiTK:*^**©^^*. 

[0 0 5 9] 
[0 0 6 0] 

(Hi ©KSJg,. ifSB L , Hi ©p^PMJS) *V l£«i»tCnS**M&&-£ 
^L&v^^, SffilftA®^ U 7©$£A*HE3t3;ru fctifcSH^f&ifr, IS 

^^^^ff^ti^c ^tf)B£, *=bpMjS{U<Z)^j»^pM^M%$:#-r-5i: 

*ffl<z>»M#pM*«%&*CTv*£»#ic, 'nMlj^ft^i:, vMM 
u r©$£A#iHW3ftSMiajK:&y,' #*<z)^r^ yy^^wcSA 

[0 0 6 1 ] 
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[0 0 6 2] 

#flJV*&*W JlftlftlCteA l b G ai _ b N (0<b< 1 ) ^£,4x5 

O . " 

[0 0 6 3] 

nmT?«Ga N SrJBV*, -f-ftj: U ^MSTii I n G a N/G a N©#IIfI§: 
m V * -5 r t T* ^Mi&tf) ffi#f ^§<."et, 3 CD J: ? (C±M L fcfift * 
I#,TnGaN, GaN, A 1 G a N^if^fflVNS - t^t^S 0 * fc, 

[0 0 6 4] 

l_ a N (0<a<l) &tfv^„ ^©B£, AlIMrtlta, b-if^ 
a*> K^»y^i*^^-S:ft5 . (a* 7 -fey h ££5) 

%>o. i ^ r < :i <z>mm ft &t l < \to. 2^ a <o. som 

■vUr©BB5i«>) 3r-Y U T CD* - A- 7 □ - £#J;iT, 'flnitT 0. 5 



2 8 
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ttr$:0. 3 5UT£?£Z£X&#?t£%ZiM i '&Xf&MX%Z>, 3(Z)B^ A I'M 
pMZ^v <-tzz.£x&V , z.tnt*v V Tom&toiz 

t 

±l(£>LED\Z%m^Z>t£'tfX : gZ> a 
[0 0 6 5] ' 

xmm&mi <d pmmtm ¥mtitmv>mm£ utit 1 o o oaje* 

ig^^v^^, i o o o A^m^xm^\HKmn^>t. m^x'mm.m^mt. 

WS*fBl«i±V f ©*ifig&fi;!fn£m< Ztt&ZfctbX&V, 4 0 0A£AT 
Vf ©J:#£<£<£tJ;i£3£#i^fgT% Jgfc^fi; t <&2 0 OAj^Ti: 

[0 0 6 6] 

3£T**-V U T<Dm&&£ LXmffiL. jffil<tt5 0 0 AJKT^tSitt'S 
U 7©BB&«>;tf«rfBfcfc.5o »1 ©pMg-ffcW¥3*#Jia:?S 

ttJf tcj£v>Sifdp^ U^©K&&#&*l»fc«tBU -£©± U - if SS* JC is v * T 
ifrMhUl ©pM^ftM##Jf£<zWc&, #&cfl&©Ji 



2 9 
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lzmVZ>Z.£ : b-*SmT*2b£ a MxJi, Sffil^f tptt^S^I nGaN, Al 
[0 0 6 7] 

# (c # is < « ^ * u r © m 69 ic tjt z t=. &> , vstfjs a* *> it *i 

[0 0 6 8] 

L< It 1 2 o ■Ajgt±fctsri: , zf»»J, MlCft£L<iZl 4 
■e^U, 1 2 0 A^±^$>S^^^<Z)^iffI^tRl±^"5rigT'fey, 1 5 0Ag 
v^ffiS^af / K<Z>We>^*±#«|fiff«s«e>*i, 4 0 0Ai »J*£v*i: L£v\*i«fcK 
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[0 0 6 9] 

J5*3t© *1§tt Jf f c ^ v * T , ' fiffil fc « V X m 1 © p jf #gg w & ti 

18 (a) iC^t J: ^ (Clfc p SliODiH 2 c [Cg LT^ 1 ffi p 

is^«#i2 8#nnztiz tf*t. as (b) ic^-rj:^K:-«t,payf 
1 3 wammm 2ctmia> vMmtm*m<km 2 s ^ ©rate 

It)PiIi 3#f©ltMM2 c i:»ii0psgftfti|iifl5f2 8 £ 
<z>r^c#7^jff4 zmtZM&lziZ, ZtoftFM 4 p mm i-Stz&<3& 

pMjf^^^A$tlfc^^UT©^^^#F«4 Sriiy&W, Z<D#J3M 

*z>*j<Dt&z> 0 . ma (b) Km?#j3m4 tminpmma^m 

5M d B tt, s% p Slf ©iff i »; p SJiflfftcffifif * wmxrtm 1 c tc 
^^^/S^pMMo^MMiUfenMMMfc&fit-^^M^oggiti:^ 

ai«©»MJ: y i pM«tc'«S4xfe#^Ji(i, #^»4: LT+»JC«IB 
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(b) J: ^ *j IS 8 (c) (DMi&H-tZZ tX&Z> 0 
[0 0 7 0] 

c (m&pmmm&mmm) zmixz(Dmmm<Dmmx*>~ix±tmm&%* 
mm&mmt.tez> 0 mx.x, v—Fm^iz&^x L%\^mmm®m<D±mz. ± 

[0 0 7 1] 

m*. /w nv-LED&£<D±mmxMm2 j &z>m&iziz, **rv?.a>&mm 

X 1 0 1 6 /cm 3 g±F-mri:T% JfSlKttlxiO' 1 8 /cm 3 J^ 

JiK-^-r f-ffa^mMftf^m^tc&^Ttt. ixio 18 /c 

m 3 J^_h, Jfib<ttlXl'6 1 9 / cm 3 M±F-7~?Z>Z£X2bZ> a pI^F 

mtLTv fw±n-r&z.mzte&fcto. znzmm-*z>M&ic&£L<iz, 

¥^#Ji&7> K-^T^SS-frT, *<0IBM» filf^AM KJf&£fre>© 

£ 7 y K - yt^S $ it, m^Jl, 3g L < « p M*tt4»l£»««*Mc p M**<6#> 
F- U Hi (DpM^W^jSfC^«^:^^vxj:e»^^{c 
fcv*-c, ;vK-^kbt%, ±^bfej:e>&c^u y;tf^{ch>*;i/-e£& 
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[0 0 7 2] 

0>/*£lC£v*"C I n©£»fc2f&fifr?&M#& l .K PlSffl^filS: 7 0 0~ 

So 

[0 0 7 3] 

tot, IU<Z)pMMM¥##JSli, ^^FfAfflpS^Utt&ti 
fCAtiT, Hi ©pMSWi#:I©M^t:iliIT^»§: K-^t§3 
^%«^Jii:LT(7)^i!I$:Ae>ri:^ #£bv\, $^lcli, _h'j*Lfc' 
#3y&7£«Uc£v^, f 1 © p §?^tt^Mi:gt 5 Hi« (IffSHHl©^ 

[0 0 7 4] 

h L t (i S i O 2 J^^©#fi. ^IKiiTi, V, Zr, Nb, 
Hf, T a i UfcSf¥;fr6»i;**lfe4>&< ^ fit £#friHt% , Si 
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N, BN, SiC, A 1 N(Dft<D'J>&< fcti-lt^jStSI il^it L<, ^ 
©*T?%jZr, Hf©i«, BN. S i C &M^<5 £ il##lC#* U V\ JgJC 

y U v^S:f8Wi*tC, B, A l &Z<D4*y&&ALX. #&AM*Uc£x N^-f 

5Sft*¥i#i:LTtt, I n x Al 1 - y Ga x _ x _ y N (O^x^l, 0 
^y^l, x + y=l) X*&Ztl&&jtto¥m<*Zm* LXJB^S - 

#2§H£©^l©pM^fc#f¥##Ji&. ±&LfcJ:^c*Vy7BB&«> 
#> <D V v Kjff £ £ , ^ V y 7.BB&& (Dt^y KM £ & & t* « ic 

> ?£&M£<Dmiz. A>W7t>> N&tscJ:, t^^, A> K3^> y 

^;i/^r-i:t5 3i:AWt Lv'^ A> K^ y 2 Ji 

•^±^Lfe«fc ^JC, Jgl ©pM0fb*J4 s ##JS&Slc, .fclB^l ©BSJff'C 
SfcpflKBHWi) EJ8 {C^"T J: e>&A> Kit it icfcv^, 

7B!&#)S:ffie>fgltf)p MSft tc J: y $g« Jg/\ © 3p y 7 W&«> 



3 4 
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*>?gffiji it) pf ©(til ^©ilf tl^: 
S»IB&^"*£»£.»C£v*T, ±&Lfc<fc3fC, U 7BB&«>©& 1 © P MS 
ft»¥##Mfc««fcKffi£^ , r £ 3 £ ^ Ilfflp M^fb ®¥mfoM\z&ir 

pSSftM#Mi:ffli(:, M*fi0 8 (b) ic^ J: e> &#F*4 © «fc e> tc 
(b) - tca^JgffipteKi, £ l (DPKMM m l © p Mgft*>.4MS#M £ ©raic 

, Mx. \i n^m izm * *i & km t ^ ®.atg s < n& £ ^ ^ •? . n& -5 11 

[0 0 7 5] 
[0 0 7 6] 

5£©?sttM£, a 1 s^s^4 £ ^&^ , r*±as^9y km£, a i 
mfom*x% mz±%$ ?. 9 y km, tsp # 9 ^ km© a 1 ^M^it x 0 < 

x^O. 0 5 itltt, KM©A l«HJfc<&0. 



3 5 
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it*Tif&z.£T% t^vFMic & vz> mvfmm sfirst, r *i ic £ »j ^ « 

3, 4, 6, 7tCar*-J:e>tC; l9ffi±«P. TUt 5 v . F«fciStt»i:©iatcft# 
>f KfSftSIfct. F» 5 JB#f ITJt^^jfiW 

[0077] 

iSttJfJCfc^T, #^«#4 0A#±©JWre» JRff©JtR t A«l/3 

[0078]" 

[#^jf^iKJP] / mmm^mmi ) #i/3j«±ij!aT©<eH"*e&<5fc» # 

^J»©|gJirS:4 0 AJK±i:f Bf l 2 fc^-t <fc e> tc, Sfc^ffrfrfctftifc 

3 6 ' ffiIE#2 0 0 1 - 3 0 5 9 2 8 0 



/ 
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iN[^§<«;§tffl©, m*©**«ii/— »f*^«c#e)*i* 

fed?), ^^^^S/^^AJK^ciSM^BriB-e&s. j^±ic£^T, B£Jg<z>j£ 
* [0 0 7 9] 

vf^<*5«isi(:ai 5a $ p, }c> xpmnmz&KLTib. -etas 

[0 0 8 0] 

K*3-0i:TSP^^y K« 2 5 T*&£*u jfrKJi 1 KJf 3 

0 £©Hic*^»&&JS-t?& ; ajg 1 © p M^ft: W#^jf 2 8 , ?SttJS 1 
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2 <DM*#FiWmte. ill 2 a /#pMl a £-*f£: LT%%V MLmMZn. 

Mmzmmm2 ctfm-}t>nfrM&itmLxv^z> 0 0 3«, m 2 Kit lti^s 
Jtgu, rap^^^FM3o, 2 5 nft&mi 2 £<zwc±sp, tsp^^jv 

FI 2 9 , 2 6^tS%0T'l.5 o @4~8, 1 Ott, ?SM1 2^b<«vS 

ttJf^i2©«M^2 O.i:, ^<Z>;9Ui«£5t2 0£>Tic, ^tiic*f/Sbfex^;i/^ 
-^>F^>V^2U^tt©T^4 0 04, 6 lZm>&M(DA*#FiMmtfm 

ii^-t^©-^^ 04, 5li^JfW©#^Ji(Z)i!C^3T^U, 06, 7 
&2T*&y> 05&}£#>f FS£^£-?\ 04, 7, 8 &3fe#M FSfc^Sil 

st-r&s,, ass, m&m 1 2 ^ pin 3i>mm2nfeM&T% pmjsi 3 « 

&C;i3^T, ^6 0HMllt DVD, CD^ifO^T-V^^i/X^A 

fg 2 tf>|^M££*-rs ^2©l^®®i:#^S^<Z)m@ltR t 

0. 5^R t g3©«Htt S3i:T^5 0 d<z>B3r0i<z>l*M (M^pM^m 

•^*|W<BliElllfci-*;i£#mgt?&S. ±MLfc<ke>tc, ft%p'-ffl<Z>PM»fcffii 
©WgJSfcT?MfcS«|g&^&;i'i:*^ _hg2/^4#'f£, R I N Jcj^TT £|§g 



3 8 
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A^d w ^.l 0 OAi)W*l^. Hi 2^e>fcj^*J:^»C, ±fB#H 

«n icis v n t , #^jf &mm tc & 5 ts if & at^Mfrtfusi s *i $ # e> -e & 

&T?35*. K&Ji (£2 ©KM) ©If d b i:Lt{t Bfi3©BIJ£4: 

BIJI2 bfc^Mi-£3£:T*&tL HtCjf&LOi, ±gB*%ptf©l«Ji£l&' 
[0 0 8 1] 

[n»ji] 

? [0 0 8.2] 

*ftfftttl£lS, SiC (6H, 4H, 3C£-g-fr) , ZnS, ZnO, GaAs, 
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si, &&mitto¥mfc &mtt>%s&iR^ ^tm^m^^^^ 

[0 0 8 3] 

LT, -t©ffilC, ELOG(Epitaxially Laterally Overgrowth) £fc;R$it£;gifl:^±£ 
[0084] 

(ssioi) isi:it, n«s*tcjESss*fcs^^^*#, *mmmx 

.ttGaN, *mm (1 0 0 fim) . Ti&B 3 MlSS5:i£lt, 80 A 

4 0 ffifl#2 0 0 1 - 3 0 5 9 2 8 0 
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TMG) , yy^c — r (NH 3 ) G a Ni »J4SA>y 77f I 2 0 0 A 

a^StT, i^^SSffofe^ (ELOG) tCJ:y^J«3tlfeSfb 

IT, Ifbf ^{USS$:|#S 0 I©H, lKI©7X?it S i O 2 fr£ 
fc»J; 7X^(11 5 n m, MPg|5 (jgas) ipl 5 fimft^> 0 
[0 0 8 5] 

0 5 OTC tCLT, TMG (h 'J^f ^i/'J^A) , TMA ( h U ;* ^JVTJVS.— 
, 7>€-7?:Mv\ Al 0> . 05 Ga Oi g 5 N.J: y fcS Ay 7 1 
0 2 £ 4 ^ _m©Kj?^JEdE^S-B:S- 0 r<Z>Jf&> AlGaNCn 13 y % 9 bMt. 

#tc, -eti<fc y =b^55M(Z)/Js$VN^[:W##;(Z)A 1 Q Ga , _ N (o< 
a^l) frf,ft5;t»; 7 71 1 0 2 tf y h £<B8$31*S 3 £ # 

S{CA^7 7ll 0 2©Alil^ita^ 0<a<0. 3 TffeS fc, 3£H'|££& ' 

LTAy •7 7,MZmf&-rZ>Z.Z:tfVgZ> a i©A*;77*&nfl(3> 
^^MtltMbT^K, ;t>y77ll0 2Mim ifrffiAy^r 
JS<Z)ffifiR^ Testis n{R!f3># * M&M.Lt, A*;77ll 0 2 i:-e<Z>_fc: 
©nffiffn:/** Mil 0 4 ic%A.y 7 r«r*S:Srfc'&*^JI8?*,^v^ °ttitt>% 

« (n«> borate ^j&< tf-yh^u n^- 
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[0 0 8 6] 
(nS3>^ Ml 6 3) 

tfCCft&flfcAW^rJS 1 0 2±{CTMG, TMA, T^ — T, 
i:LT5/7>^S:MK 1 0 5 OttS i Kr^lfeAl Q 05 Ga 0 9 
5 Ni(J^nSn>^!^Ml 0 3£4 Aem<©JKJP , r^S-&« 0 
[0 0 8 7] 

^R&ifcJS 1 0 4) #;JC, TMG, TMI (h^f;H>J/>?A) , 
r^^-'TSrMv^ M5:8 0 0"C(CltIn 0 _ 06 Ga 0. g 4 NJ:*;fc* 
* ^ y * B&lfc» 1 0410. 15 ^m©JKff7?|R^3-a:S. * 

(nl^7«y FI10 5) ^Ctc/SSS: 1 0-5 OICJCUT, I^XICTMA 
, TMGA^^-T&fflK" 7> K-^©A 1 bi ' 0 5 Ga 0. 9 5 N 

Af'S 2 5 A.0]RJ£Tf/&R j&HT, TMAfcihtf), ^iM^tl/T 

S i 65X 1 0 1 8/cm3 F-^lfeGaNiy&SBl 
£2 5 A©JR^t^S3^:&. -2: LT> ©&f£*:-eft-e>i 2 0 0 EH^'jigLT 

KI10 6S^3*5„ £®'Hfr, T> F-^A 1 G a N0A 1 iggjfci; btii 

, o. o5«±o. 3j^To^HT : feti«, -hhc*^.-/ fmh hxmm-tzm 

[0 0 8 8] 

-T£Mv\ 7> F-y0G a N J: »J feS nS3fi#>f KI 1 0 6 & 0. 1 5 n m 
[0089] ' 



4 2 



ffi§E#2 0 01-30592 80 



#200 1—174903 

Si5:5X1018/cm3F-yLfeIn 0i 05 Ga 0 9 5 Ni»j 
^111 (B) 5:14OA01J?T% Z±8>* . 7 > K-:/© I n Q 

l Ga 0. 9 N <fc 'J&^FJS (W) £2 5Affli^T% r©IMJS (B) / 
#FJI (W) (B) / (W) / (B) / (W) ©J«{C«ji1-^ 0 fttfcC*_fc 

^(DmmmtLx. jctm'i uy^w^y^A), tmgmt 

^-T&tfV^ 7>K-^In 0i 05 Ga 0. 9 5N&14 0AOKJS7? 
[0 0 9 0]' 

g n^># *?x. Mg&l X 1.0 1 9/cm3 

F-^LfeAl 0< 3 Ga 0 . 7 NJ: l J45pSi™il0 8^10 0A(Z) 

t b t ifg U • HfiODfiTCf S ti © t 5 „ iitfti, 
p§»?g|i&#)Jg l 0 8*»f,pl^||ft©Mg^ -etilcg^f <g>ft±Bls©|^M 
MfCj£St^T,,:R±»©»g®tCMg#5~l 0 X 1 0 1 6 /cm 3 iSK-^ 

[0 0 9 1] 

(pW^FI1.0 9) SSS^ 1 0 5 0rfat, I^CTMG 

&tfT> i E:^7&flJVS T> K-^©G a N J: *J&3 pfM-f K« 1 0 9 £ 0 
. 15Am©l|(l?^t5 0 

[0 0 9 2] 

. 3©pSM>f KJS 1 0 .?&, T> K-^fc .LT^3t«^, pSWBii 
#)Jfl 0 8, pS^7tKI1 0 9«.©»^JiA^<Z)Mg-©fi£»tC«fc »J, Mg^l 

g £ K'-^LTfc&v*. 
[0 0 9 3] 

(pS^77h*Il 10) &V*T, 1 0 5 0°CT*T> K-^A 1 n AC Ga 

U . (J O 
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0. 9 5 N * 5 A(Z)M^-e^$i±, M^TTMAfcittf), Cp 2 

MgSrMv^T, Mg K-^G a N J: ij 2 5 A©JKJ? , TfJ«*S-&, 

9 OiajftU-jgL/Tilftje^O. 4 5 /tmCDg^Ij: *J&£ pi^7>y KM 1 10 
S:*fcg3i*5. Pl^7-y KJftt4>&< — ##A 1 £-^tf^fb%¥##JS£: 

^vKIllOtt, A 1 Sr^tfSffcife^frJS, #£b<ttAl x Ga 
!_ X N (0<x<l) Sr^S^mt^-rsClfc^M* L<. I, 
<&GaN£Al G aN HZmMLfem&TMmttZ. pf^5y K«'l 1 0 
4Sft^«Si:t5ii:K:«l:oT, Ktf£#©A 1 MHit&iitf £ r 

[0 0 9 4] 

(pa3>^hii'n) *«tc, i o5ort% ps^5>y kii i ood 

±tC, MgUxi 0 2 0 /cm ? K-yLfepSGaNj:»;ftSpSa>^^ 
hJff'l 1 1 & 1 5 0 A©IIJ?-ejEft;g3l2r5 0 pl3>*^ Ml 1 l'ttpg© I 

n X A1 Y Ga l-X-Y N (0 - X ' O^Y, X + Y^l) ^HifSli:^ 
^*L<ttMg$:K-^tAcGaNttntf, P«i.l 2 0 i U 

v^tf-Sy n>^^hjfi i H$mM*Bf8,-tZ>mx*2b£<D 

Tv ixi o 1 7 /cm 3 ^J:0D^^^ura^i:1-^z:i:^M^L,vv o ixi 
0 1 7 / cm 3 £V&fe^£nM£ft£l,^*-^ y^S:»S©^ilL<«;S« 

[0 0 9 5] 



4 4 



ffiSEff 200 1- 30 5 9 2 80 
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»#e>fl)i»;fflu m±m<Dp%i=iy$ ? hmommzs io 2 j: 'j^^mis: 

m&l,T. RIE (H/&ft-f;tf->x-/^>40 fcffl^S i C 1 4 #*tc«fc-yxy 
[0 0 9 6] 

o £U*, ft±I©pSn>^^ M (_tg|5=i>#* hjf) Affile, PVD 
^«Jci»J, Siltt (iat, Si0 2 ) J;y^5Il(3!)fIIi6U 

0. 5 ^m©-JR^T?^Lfe«, mi (DUmmi 6 1 <D±iZffife&mW(D v'X^ 
RIE (SiStt>f^>Xy^>^) ^flitCfcU, CF 4 ^,&MK 7 
h U V ^ 7 ^ HKflSlC i>JXh5>f yiffg 1 . 6 mOD^ 1 161t 

Ml 1 1> *J:tfpiir7*;Kilp9, pMft#>f Kjf 1 1 0 <B— Sjs&xy^. 
>**LT, pfM^fKI10 9©|gJ?^0. 1 f imk.ta&&Z2LV^y?'>? 

[0 0 9 7] 

&tC, 'Jr^h7>f»t« UlCO^MMl 6 l©'±3^.e>, Z rlftft ( 

i^tzro 2 ) «fc»;j&'s^2©«»jw;i 6 2&;ii©^ili 6 r©±* 

[0 0 9 8] 

®2©Wl 6 2Mt, -)iA^6 0 0TCT«f5 o 3©J:e>lCS i 
0 0°C^_h, *?i;L<te4 0 0°CJ^±, gftfc¥##©#«?aa?Je<T (12 0 0 

[0 0 9 9].. 



ffi§E#2 001-3059280 
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, 01 tC^-rj:e>{C, iJyi;xN7>f^©IE M^tUC^M-tS-q*® (pi 
ft#-f Kjf 1 0 9 ©ffiffi®) fCfg2<Z)^®i|l 6 2^^$tl^ 0 
[0 10.0] 

3<Z)<fce>JC, PS3>^ Kjf 1 1 2©±{Cig^P>tlfe^i©^®Ml 6 1# 
> El 1 Catf J: -5 {c, -e©SffiUfepMn>^ V hjg l 1 1 (DM 

®tCN i/Aui»J«i«pIil20 ZBtft-tZo filpSgl20ttl00/t 

JgjSfS. ^2 0§H l 6 2^^, «EtC»mS-&fcnM=i>4r^ Kjf 1 0 3 
©«ttTi/A 1 J: *J&£* h^-f ^CDn«Sl 2 1 h^-Y^ilW 

[0 10 1] 

mlnm&nnir=.toffim<DMmiz^x# u s i o 2 i o 2 j: y&'s 

64 p, nil±(CNi-Ti-A.u (1 0 0 0A 
- 1 0 0 0 A- 8 0 0 0 A) «fcyfc£Jfc»Jfi}L (Ay h) til2 2, 1 2.3 £ 
■etl-rtlKttfe. r©B#, MffiMl 0 7©*itt> 2 OO^mCDifrg GH;|g#§#|pf}f;: 

iea;*^©(i) rc&y, ^ss^b okwmd fc*>s io 2 £Tio 2 j: 

[0 10 2] 

tt^^fSlT', M-ffc#J^##:<Z)M® (G a N COM®, (1 1-0 0) & if ) 
Mlt, 6 5 0 /t mt'fe§„ 

jKtcffi^-rst,©^^^,, ?mmz&& tntm&& 
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, &m&icBL&tfc&nvT*)&^. zL&m. ^.mmt.Lxit. sio 2 , tio 

2 ,Zr0 2 , ZnO, A1 2 0 3 , MgO, jtfU >f S & &S¥<Z>4>fc < £ 

mv^r£#T*£, A-mzmmLf=.£.g<Dmmmzmw.ftmft®¥m<k (Ga 

N) ^^Slt'llLfcME'AI ( {10 10} ) X-mfflLT. *v~f%&L 
[0103] 

^fi£;i3V*TLgV*te'2. 8 k A/cm 2 , 5 ~ 3 0 mWtf)m;dfC;i3 V^3§|g 

mifrlZ. ikmmi ICSt^T. 6 0°C, 5mW<Z>3iJft$8l8{C£V^T, 2~'3#t£ffi 
3t5'2O0 0 — 3 0 0 OB5Ma©*^5£ifr##e>*lS.. * fe, ^ftWJEE#'£JC 

-IfSR^A^aSti^ JStcSffiSr-tlfT 1 0 0 vetealElcfc^Tfc, 
fcV*%>©##£>jru Jt«ffifl (Ci:b^Tfe^i:^2^(Z)^^'[pJffifJ±#'ffi<7)f6l_h^ 

[0104] 



4 7 
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Mg & 1 x 1 0 18 /c m 3 K-^l,T, Jg^TSflfitt, IMfC LT l/-1fipH=-£ 

[0 10 5] ' 
[IM3] 

jgi&Mi fcs^r, #j5m<Dmm& 5 5 Atn„ ^©^#^^-5 b-ifm 

-?•&, 1 JOt^T, < ELtU 5 OX, 3 0mW«t' 

3$M#8^£-t*r££^3, 1 000 — 200 0^K©«#^<Dl/--!fm^7b^^ti 

[0106] 

jsc, RSijc, mmwiizisvz>#j5M(omm$:. 6 0, so, 9oa*:ji^ 
©K^a^t** « n \z &&m&m±fc<DWkmG>mMVL v f , u £ v>n*«fe 

S{c#tLfc^^-#^$:^'f ^^©if^So ifc,-vf, u^ffistsjc ovarii. 

Rjzmm. tci±/#;R®©ttjs©gefl;jctt, **i«£*^<ft#i*i% -vf , u 

^JB©JgiStt, 4 o"AJ^_h"e^#tt©r&J_fc^0ti, ^^U<tt5 0Aa 
©BlffS: 5 0A{^±i:t5i:, tfJ*-8 0mW7f©^RHB"e»»J, 10 OmW 

[0 10 7] 

,C^M4] 

^WJlC^VNT, £&©|g&Ji («J;fflj'tCffig"t5KSJi) 5:1 5OA01 
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zum±mz. <fc & jbib**> e> ^ *; . -e toti/- s *i 

[0108] 
[£J6« 5 ] 

m/#Fim<z>Mizmmv. mmcmmi 4 oA<z>is$M«&«Ji-r£ 0 # 

;Rjftf>BIJ?£> 2 2 . 5 A, 4 5 A, 9 0 A, 1 3 0 A ilSMbS ^ 5 OX, 3 
0 mWcZ)^#T^is^ffiS-&fe^©^#^§:0 1 2 fC^fo H^&W 6>#fc «k 

ifSS-ftfft&jftS,,- 3 0)1$, #pm<Dl&mi 5A/9OA, 13 OAtlt 
M3 £|wP8i{C, 3 0 mW^_h(D]«miJ(D^|g^RT|gT'feU, 9 OA, 1 3 0 A(0 
'tB&iZlt* 8 0 ~ 1 0 0 mWT?©ffl:## nTtg& I/— *f3R j y-##6*l.5. 
[0109] 

HSfeMncfe^T, #^Jt©&JM 5 At*, 

fc/#^*©jKtcausu «^{cikj?i 4 o Avm-mmzmmrzo son.-t 

«K:MUfe»S*«^©»SJi(Z)ffl;j|tS:, 2 2. 5 A, 4 5 A, 9 0 A, 13 

5Ah^tt£1£, 50°C, 3 OmWO)^frT^Mi§iS$ii:fc^<Z)^#^$:iai 

3tc^-to B^E^fci-Mc* »Mj»©jK*^ani--&n, 5oa#s^?, 

[0 110] 
[§td£M7] 

^WJl tCfe^T, KM^SJKJCfcttS A 1 G a NJftf)A 1 SiBJfcS: 
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lGaNtCfcttSAljg&jfc&o. 1 5it5t, £0>l$*9y KJB©A 1 

JSV&Al<Dmm&ik\Z. 0. 0 »*-L<l±0. 0 2 53gU<&0. ; 

[0 111] 

{cjrb^r, m*mifrtf*mizi&T-?z, 0 

[0 112] 
[»J9] 

mm^miz±&L. ^-^rn^omz^ nmffmm**i<D*m?>ti€>. zn 

[0 1 13] 

^mmuc^^t, #^M®^§:3M, mmm<z>mz4mtLT. M4izb^ 
o »e>ti*i/— tf^ji, tcit^T, mmmikfa(z>mmtf*iz<&zfc 



5 0 
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[0114] 
[0115] 

Mil] 

LX U—ym^-Z'&Zo ^estlS U— if^f-tt, 6'01C, 5-mwm^7-e©ja«n^ 

6 vo&ffjcfctor, flsastis't)©^^*. zii-e., *stt« * -ess* teats l 

fc»iI©Si K-^LS:, 1X1 O 17 , 1X1 0 18 , U10 19 /cm 3 ^ 

ffcSirt, ig^ffffr£gin±#ffi©^ft£ii^ mi 4, i 5 ic^f- m*P"er 

[0 116]. 

i/-if^(cov^r, sims (nk^f^-^K*^^) fc£icj:»;' 
stife^ffi&^-rs*©^^*;, «m i T*#e>*i& ^--tfifi^-fc 
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i stcTKf jutes' i F-zfm*mtti'&r=.m'&\z. m s ^-^mitmtb^ 

o 

[0 117] 

CUMM l i] ' 

4 0 7 5:M^tl/-ifi^$:fs o 

[0 118] 
(?§ffi!4 0 7).. 

fflS=&8 8 OTCJCLT, JKMtfXtCTM I , T MG &T$T y^-T V^ 
, fcLT^;>:tf*£jav\ Si'&5 xl0 18 /cm 3 F-ybfe 

In 0. 0 1 Ga 0. 9 9 N i^^Sil©iH4 0 1 a &1 OOAODlft- 
*S*S-tir*. $eV*T. iBSS 8 2 0 °CfGTW\ &ifc«>, T> K-:/ 

©I n 0> 3 Ga 0> 7 Ni »Jft«#^M4 0 2 a 1:5. 0-AODKiS?^SS-&« 
. S&tC, HiBllfTMASMV^ A1 0. 3 Ga 0 7N<fc»J&*jg2'©WS 
S4 0 3 a & 1 -O.A^JKJ^^SS-tfSo :n&|l©ifl4 01 a, #F?JS. 
4 0 2 a. I2ffl|li|4 0 3 a © 3 Sfcjgfc, 01 0 fC^I" J: e> (C£ £>iC& 
3 1 mMkVi&LT&mA 0 1 b, 4 0 2 b v 4 0 3 b S«IL, *HtcS_tas© 
»i!4 0 4 i:lT, 7>F-^©In 0 . 0 1 Ga 0. g g N fcURJ? 1 4 0 A 
*&I«4 6 0 A©#S*^#JJ (MQW) *&««iftl4 0 7 S: 

^ts. jgfc p§?s{i{cfefi-rs®j:ai5cDi^gjS4 o 4 fcti, mm? 

tfr©l/-ifSH^&£ 0 r©B^ #F»©±9JK:l8we>4i-«5^2<z>B®®i: it 
tt, A 1 &#tfgft&4M»#£'r<5£J:, ffH<ltAl 7 Ga. 7 N (0< 

Za ± z 

©^m e> *i , & % © t s *) *i, i2CD m js & tg # & ^ &c /< x m 

ffl#©gfb&¥^#3R-?-£>a;«. r©f*^ Aii^jrbzfi, o. 3j^_ti:-r^3 



5 2 
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o 

[0119] 
[0 12 0] 

v-yr^fr (cm) cfc V&z>mfc3 0 1 £MO VP E(DRm^^\HlZ±y b L 

[0121] 
(A«y7 7l3 0 2) 

7tTMG (h'J^^-;i/^U^A) , TMA ( h 'J^^^K-^A) ££M 
V\ SI3 0 1±CG aNi U&<g>^y7yjf3 0 2 1 5 0A©Ht^ 

[0122] 
(Ti&JS 3 0 3) 

Ay77M3 0 2M, TMG©^£it#)T, 0 5 0^ J t*±#$ 

-frS. 1 0 5 0TCC^ofe^ M D < Kf^tfX ic TMG, T>^-y#X 
> 7>K-^GaN^P)4^Ttl3 0 3 M. 5 » m©j^T^:S£-fe!:& a ^ 
tf>T±£jf3 0 3tt, ^k%^^$:^$-&S«^L.T«l|g,t-^ 0 

[0 12 3] 
(n|2>^ M3 0 4) ■ 

8^T 1 0 5 01C-e, I^C<M3|W;UCTMG. 7>€-7^ 
tC£/^;/;#*£MV\ Si^4. 5X 1 0 1 8 /cm 3 F-^lfcGaNi^j; 
£n§![3>#* M3 0 4 S2; 25 /tm0lJ|t^$t5 o 



5 3 
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[0124] 

(nwmi&mmm3 o 5) 

#CtCS/9>#*©#fcifc#> % TMG, 7^^7^ilK 

7yK-^GaN^P,^5T!3 0 5 a £ 3 0 0'0A©IIIt|figt Rv*T 
MStCTS/9>^S:jiillL'S iS4. 5X 1 0 1 8 /cm 3 F-^lfeGa 
N>£&*tfiraJi3 0 5 b 5:3 0 0 A ©MJP HJC&HTS/^i/tf* 
©*S:ifc«), BfiSCT7> K-^GaN^P)^±l3 0 5 c £ 5 O A®If 
3 0 5 a/3 0 5 b/3 0 5 c © 3 *A> & 3 5 OA© 
Il#SIf3 0 5 M$f5 o 
[0 12 5] 
(n{R!ff|2#JiJg|Ji3 0 .6) 

#CtC, mm<DUmr% T> F-^G a Nj: y 4^H2©^fb%^#^M$:4 0 
Afikg-3-g\ ^{CSI?: 8. 0 0°CfcLT, TMG", TMI, T^-TfcM^, 
7>F " /In 0. 13 Ga 0. 8 7 NitJ *^, 1 ®iftW#ftI&2 0A 

mfam<DMT*&mz 1 ojf-roajf stcc a n «t »; f^.i2(Diftw 

0 6 S:6 4 0A©|»;j?T^S3.-BrS o 
[0 12 6] 

ffltt!3 0 7) 

#CtC, GaN«fcy«5*KtgJi&2 5 OA©JK^Tf^«a--Br, ^V*Tififl?& 8 0 
OTCKLUT, TMG.TMI, 7 > T feffl T> K- -? I n Q 3 Ga 0 

b 2 /nysn/wmm b 3 y^m/mmm b 4 /^m/mmm b 5 / 

#7*Ji/PMJiB 6 /#7*Jf/»MJgB 7 ©JKT?WS* S: 7f, #FJi£6JS, 
xSfC«®LT, tft|*J?l 9 3 0 A©^M^#;5#jg.J: y &s«f£Jg3 0 7 & 
f&JI$1±3 0 ~©l$, ii!B r B 2 iCtt, SiUxi0 17 /cm 3 F- 
^ lT « «»;©WSSB. (i = 3, 4, • • 7) l,$Ty\?-7T*&f&^Z> 



5 4 



m$E#2 00 1 - 3059280 
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[0 12 7] 
(PM#II^7^KI3 0 8) 

&»C, Umi 0 5 O'CTrTMG, TMA, 7>^7\ Cp 2 Mg (£/?p/< 
>^i;x-;bv^,>^) £ Mv ^ Mg^rl x 1 0 2 °/cm 3 K-^Lfcp 
iA1 0. 2 Ga 0. 8 N<fclj;5; ^ 3 ®^WftS^4 OAClfTM 
H^T^,g£ 8 0 O'CfCLT. TMG, TMI, T>^-y, Cp 2 Mg 
^Mg$.lxi 0 2 0 /c m 3 K-^l„ 0 _ 0 3 Ga 0. 9" 7 NJ:y 

«fc »J pS#«j»# KM 3 0 8 £ 3 6 5 A©ffl|J?T?j&g3-g: < 5 D 
[0 12 8] 

(plGaN3>^^hl3 10) 

«V*T1 0 5 0°CT% TMG, 7>^-7, Cp 2 Mg^, Mg£l X 1 
0 2 °/cm 3 F-yitplGaN j: (J^5pSn>^ir M3 10^700 

[0 12 9] 

teaser, 70 oTc-er--u>y&ffv\ psi^$e,ic«ftt5 0 

[0 13 0] 

3 l O©HI{;M©ft07^^$:Ml, RIB (BtfcWi-atyiLy + yy 

h*4 

[0131] 

xy^>^ *±JSfc&3 p§?n>#? h«3 l 0CDSff^Mid^2 o o 
A CON i i:AumS3fctt«jp«i3 1 1 fffipiii 1©±(C^>7-V 
^^MCAui^^p/t-yKtl^O. 5^m®lf?Mt5 a x y 

f>^CJ:»Jl{fi$^nSa>^ M3 0 4ffl«ttWi:Al £Hrfrn« 



5 5 
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[0 13 2] 

immw i3] 

hLTMg5:lX10 18 /cm 3 K-Vt5fltt, SIJ&M 1 1 £ |sJ#iC.LT, 
[0133] 

itmw 2] 

[0134], 

immm 14] 

[0135] 

(s«5 0 1 ) mmm 1 fcMv^c^ffcw^^iKi 0 1 unuomm.^ 0 1 

[0 13 6] 

mt%!S¥mfomffi.5 0 1 GD±fC. Mffl 5 3 OtL/T, AlN^f,4^I10, 
jg 5 3 1 tGaN^f,^5f 2015 3 2 Z&mz^n^ft 3 |o*oSlt5. 
3C7)B£, #jfii> (4 n) (>fiU ;U£fttf>M:R> n«M^©@#f^) CDtZ 

*mfr-?mmxmV< Z\ZXfen = 2 (A IN) , 2. 5 (G a N) T\ 
%m 1 ©JSt^ 5 0 0 A, f2 <Z)Jg^4 0 0 A<DmmX]&m-tZ><, 3<Z)B#, ^fb#f 



mtiE4# 2 001-3059280 
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¥^{&<DfcMmt. m 1 , 2 (DM*. 1 n x A1 y Ga l-x-y N (0 - x - 

i, o^yssi, x + y = i) vmzfr&mt®¥mfa&m^&z.£.&T*&. m 
itm^m^(DB.mmtm i . 2<dm^. Ai x Ga 1 _ x N (o^x^n x*mz 

. r©^, & r'jueu:, m (Dm/ j m2 (7)m<7)tt.z iMu±mm-tz>o 

WlZltmi ©JS/3g2©Ji$:A 1 G aN/A 1 G a N, G a N/A 1 G a N, A 
IGaN/AIN, GaN/AlNfe^(SfgS 0 A 1 G a , • N/A 1 
yGaj.yN (0<x v x<y<l) t^5iAlGaN#HT'fe§fci!)|I 
^i^fc/J^ <T*£M H %f£&<^J&T*£, Ga N/Al G a i N (0<y 
<1) Tf*6i:GaNllCj:.»JiBafA<*i3ftfe#IKi:T?t5. Al 
ffi^itffli (y-x) Hi £3l2<z>S£:cZ)Mf^#;*:# 

<fc»;&liMts#i5<fc»K ^tt&ictt, y-xkO. 3 tl, *f*U<tty-.x 

fcB&tC, ^JgJgUihLT, Al.yGaj N (0<y^l) fc^fRfS Zl £JC 
A<y7.rfio_2i:LtaiBu try h<S3$Sjf^»e>tiS. 
[0 13 7] 

i^T, HIffl2 (#KI5 5 A) ni3>^^M5 3 3 

; ^ttl5 3 4; pM«^gi?&#)Ji (El^ifr) , Pl3>^ h!5 3 5 
MLX. R^OWPaPSr^-rs S i O 2 j^&ft.S^n -y^!5 3 6 fctgtfT, 

J15 3 7 &^"r.«5„ ZKABf, pS3>*i'M5 3 5, m2(DpMny# t? h 
I5 3 7H VN-rtl^^^^lt^^^LfefecDT'fe^VXo ftf)||2(£>p§?=I># 

^ hm 5 3 7©±{c, sio 2 /Ti o 2 frbte£mmfo&mm*Bf&LfcMm 

5 3 8 £U fusE^O y ^Jf 5 3 6©||P9J<Z>±tCR^tcS8W«. fit, n 

^M5 3 3<£>_hfCU >^©n««5 2 1, H2©pMn>#^ M5 3 70 
±JC-, S^l 5 3 8 01 'J IrHt. 1 P SI 5 2 0 5:f tlf tlMtS. Z(D£t>lZ 
LT, »e>4xSS»^S!©l/— t^lS^tt, 2 tragic, Jim&ifrtctftu 
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immm 15] 

(SttI10 7) Si65X1018/cm3F-^lfeIn 0 0 5 Ga 0 
95 NJ:^j;§iII (B) Z 7 0 A<DmmT% £ib#>, 7> K — 

^©In 0> 15 Ga 0> g N j: U^S^FJf (W) 5:7OA0lft% 

■ mm (b) , #p?jg (w> (b) / <w) / (B) / (w) cDjuctcsug-rs 

T>K-^CDIn 0> 05 Ga 0i g 5 N S 1 5 0 AcKJ^Tf MS-frS.- tStt 

110 7tt, J&jIK/?tt4 3 0A©MI?^FiI (MQW) kttS. 
,(pS^5*/KI 1 1 0) m^X, ?>K-^A1 Q< 10 Ga 0. 9 5 NJ: 

2 5A©fl|JS, Mg K-^G a Ni 2 5 A 3- 

-etiS: 9 OE8&»Jjg'LT|8t£JSO. 4 5 /t mCl^ffj: 'J^5 pS^7>y 
FJff 1 1 0 $:^$ii:-So 

3ft&WSJS&Bfr<HfSJSi:, #;^Jfftf)J£ R t 1 0 1 2 (c^#;r 

? ^tffc&tiS;, p^5 9 KM (DA lMUJfc b£r £(CJ: *I 

111 16 2 £0>®#fs*M#/h3 < & IK «#ft©»&«>©/h<* v^^Mfr^M© 

[0138] 
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[03] *mma>-mm&tBiznm't&m&;mmm. 
Mi-3^0 

[0 6] ^mm^-mmmmiz^mmm^m^m^mAr^jiyFm^ 
[07] *mm(D-mMBMiz&zmmmm(Dm^m^mjktf^y Fmm& 

[08] ^^©^^ffiJC^SStiSISJS^^WrSHiLtfA^ K*3i& 
-^roi-<5^0 ' , 

[09] *»re©-^J6Jgffi<3D3g^JC«*«^;WfffiH- 
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